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Overview:
• Overview of satellite observations of SST influence on surface wind stress:

- QuikSCAT and Microwave SST (TMI and AMSR)

• ECMWF and NCEP simulations of the SST influence on surface wind stress
before and after a May 9, 2001 change in the SST boundary condition in the
ECMWF model.

• Ramifications of the observed SST influence on surface winds:  strong small-
scale perturbations of the surface divergence and vorticity fields.
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Motivation
To assess the accuracy of NCEP and ECMWF surface wind

fields for the purpose of forcing ocean circulation models.

⇒ The wind stress curl is of particular interest

Long-Term Interest
Does the observed strong influence of SST on low-level winds

extend into the atmosphere above the boundary layer?
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Example 3-Day Averages of High-Pass Filtered
Wind Stress Magnitude and SST
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Example 28-Day Averages of High-Pass Filtered
Wind Stress Magnitude and SST

Gulf Stream
Region

Agulhas Return
Current  Region



Spatial Standard Deviations of High-Pass Filtered
Wind Stress Magnitude and SST
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Temporal Autocorrelations of High-Pass Filtered
Wind Stress Magnitude and SST
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SST

Red and Black solid lines:  September 2002 - August 2004
                                            (AMSR-E data record)

Red dashed line:   August 1999 - August 2004
                              (QuikSCAT data record)









Hypothesis:

The differences between contemporary ECMWF and NCEP
surface wind fields are attributable primarily to the different
specifications of the SST boundary condition in the two models.

This can be tested from comparison of ECMWF and NCEP
surface wind stress fields before and after May 9, 2001:

The ocean boundary condition in the ECMWF model was changed from the
low-resolution Reynolds SST analyses to the much higher-resolution NOAA
Real-Time Global (RTG) SST analyses.

The NCEP Global Forecast System (GFS) continues to use the Reynolds
SST analyses as the ocean boundary condition.

Note that the NOAA North American Mesoscale model (NAM, formerly Eta)
has used the RTG SST analyses as the ocean boundary condition since
January 30, 2001.



SST, June 23-25, 2003
Reynolds Analysis RTG Analysis AMSR



SST Gradient Magnitude, June 23-25, 2003
Reynolds Analysis RTG Analysis AMSR
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Regions Considered:

- Eastern tropical Pacific
- Gulf Stream

- Agulhas Return Current

- Kuroshio Extension



  Example for the Eastern Tropical Pacific, May 27-29, 2003
SST SST Gradient Magnitude



TMI Microwave SST

RTG SST Analyses

Reynolds SST Analyses

May 9, 2001





        SST and Wind Stress Magnitude Along 2ºN

Aug 2000 - Feb 2001

QuikSCAT Wind Stress &
Contours of TMI SST

Aug 2001 - Feb 2002

QuikSCAT Wind Stress &
Contours of TMI SST

Aug 2000 - Feb 2001

ECMWF Wind Stress &
Contours of Reynolds SST

Aug 2001 - Feb 2002

ECMWF Wind Stress &
Contours of RTG SST
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  Example Maps of SST in the Gulf Stream Region, April 30 - May 2, 2002



The Gulf Stream Region
4-Week Averages Before/After May 9, 2001

QuikSCAT ECMWF NCEP
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Example Maps of SST in the Agulhas Return Current Region, July 4-6, 2002



The Agulhas Return Current Region
4-Week Averages Before/After May 9, 2001

QuikSCAT ECMWF NCEP
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Agulhas Return Current, June-July 2000, 2001, 2003 & 2003
ECMWFQuikSCAT NCEP
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Zonal Wavenumber Spectra of Wind Stress Magnitude
June-July 2000, 2001, 2002 & 2003

Agulhas Return Current



Kuroshio Extension, November-December 2000, 2001, 2003 & 2003
ECMWFQuikSCAT NCEP
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Zonal Wavenumber Spectra of Wind Stress Magnitude
November-December 2000, 2001, 2002 & 2003

Kuroshio Extension



SST Effects on the Divergence and Vorticity of Surface Winds

Wind Stress Curl

Wind Stress Divergence
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Histograms of Wind Stress Curl-Driven Ekman Upwelling Velocity
in the Southern Ocean (30ºS to 60ºS)
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Conclusions
• SST exerts a strong influence on surface winds over SST fronts

associated with ocean currents.

• This observed air-sea interaction is stronger and more accurately
represented in the ECMWF model than in the NCEP model.

- The difference is attributable to the higher resolution of the RTG SST
boundary condition implemented in the ECMWF model on May 9, 2001.

• Even with a “perfect” SST boundary condition, the wind stress response
to SST in the NWP models would be underestimated by  ~ 30-40%.

- This may be attributable to:
! errors in the parameterization of boundary layer turbulence
! coarse vertical resolution in the boundary layer
! coarse horizontal resolution

Question: Can these issues be ameliorated through more effective
assimilation of satellite observations of ocean surface vector winds
(QuikSCAT, WindSat, CMIS...) into the NWP models?


